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PURPOSE: To obtain an antistatic film excellent in transmissivity on the short- wave side, and having sufficient 
electroconductivity, and a lithographic mask blank and lithographic mask using the film. 

CONSTITUTION: This antistatic film is represented by the general formula M(1)x M(2)y Inz 0(x+3y/2+3z/2)-d [M(1) 
is at least one element selected from Mg and Zn; M(2) is at least one element selected from Al and Ga; the ratio of 
(x:y) is within the range of (0.2 to 1 .8):1 ; the ratio of (z:y) is within the range of (0.4 to 1 .4):1 ; and oxygen deficiency 
(d) falls within the range of 3x 10<-5> to 1 x 10<-1> times the level of (x+3y/2+3z/2)]. Alternatively, this antistatic film 
is represented by the aforesaid general formula (where, the lower limit value of (d) is 0, in which part of at least one 
element selected from among M(1), M(2) and In is replaced by another element, the element substituted for M(1) 
has a valence of 2 or more, and the elements substituted for M(2) and In have each a valence of 3 or more). In 
addition, the objects of the invention include an antistatic film obtained by implanting cations into an oxide 
represented by the general formula (where, the lower limit value of (d) is 0), and lithographic mask blank and mask 
using the aforesaid antistatic film. 
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-fl«^M (1) x M (2) y I n z O 
(x+3y/2+3z/2)-d (^^ M (1) liM g&t>'Z nCD? 
*><D^<£ti 10©n^T'3bU, M (2) liAl&tf 
G a <fc*U^0:^T'& l J, J:b^ (x : 
y) #0. 2-1. 8 : l(Z)«SHT*feU, tm (z : 
y) #0. 4-1. 4 : 10XBHT**/, #0«B|8MS 
4d#(x+3y/2+3z/2) CO 3 X 1 0-5—1 X 1 0~m<DK 
BT'&S) T?*$*iS««Sittt. MfB-fi££ (ffiU 
d®TKttO) T'3?3*U *>oM (1) , M (2) %X$ 
I n©7 *>©4>& < i: =fo 1 a07t^(Z)— ftfi©7t^ 
T?«&3ftTJ3»J. M (1) fcffiftSftSTt^W^flB 
#2«sJLh"e*y, M (2) RVI ntm&ZtlZxM 
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-«M (1) X M (2) y In z O 
(x+3y/2+3z/2)-d M (1) liv?** £/?A&t>* 

ffi^©0*>©'>^<£%lo©^T'&y. M (2) « 
7J1/3=-9A&tf#U yA©o*>©'J>&< 1 o©tg 
W (x : y) #0. 2-1. 8 : 1 ©*Sffl 
Jtt* (z : y) #0. 4-1. 4 : 1©<6HT' 
froggt*jgfid#(x+3y/2+3z/2) ©3X10"5 
~ixi 0-i«ffll8Bre*s) T*^£*i£>gSt4Stfbt> 
*6>ja:*3fc«:W«i:'t«&»«l»Jta. 10 
[»#«2] -flft^M (1) x M (2) y I n z O 
(x+3y/2+3z/2)-d M ( 1 ) ttmf*i/VJ»JBt& 

^©yt>©^<£%;l^©7t3}iT*£>y, M (2) ti 
T;iS.-V2±%.ZfXV <7A©?*>©4>&< £t> l o©tt; 
*T?»»J, (x : y) #0. 2-1. 8 : 1 ©*SB 

■C»y, J«S (z : y) #0. 4 — 1. 4 : 1 ©*gHT' 
& »J , fr-oWffiKm& d 0 *> e> (x+3y/2+3z/2) © 1 X 
1 0-l#<Z>*gHT'&-5) T'3<£*U AOM (1) , M 
(2) Jfctf I n©3fc©#fc<fc*a»Z>7GJlM>H» 

«©79irc«*a*iTi3y* m (i) tg&ati-s 20 
TBPHiK-fflftf 2 y , m (2) Rxfi ntm 

m$& 3 ] r«?©*# 1 x 1 o iv c m 3 

-1 X 1 022/cm3 CD«gffltC^S«te){C, gg&^ftl; 
diftWCM (1) , M (2) R&l n©5t3?i©g&fi£ 

[11*9143 HRsSM (1) x M (2) y I n z O 
(x+3y/2+3z/2)^l M ( 1 ) ttV«T*2/tf Afttf 

3g$©y*>©^fc<t*ao©;7^T*&y, M (2) 30 

- v&xzfifV yA©-?t>©'J>&< 1 -o©te 
IftT'&y, irb^ (x : y) #0. 2-1. 8 : 1 ©*SB 
T'&y, J:b^ (z : y) #0. 4 — 1. 4 : 1 ©$SBT' 
* y , froggg^iftS d # 0 fr<b (x+3y/2+3z/2) © 1 X 

[ff*9C 5 ] -v y r«?©*# 1 x 1 0 is/ c m 3 
~i x 1 o22/ cm 3 ©seBK&sj^tc, wmxtm 

dS.t>*IS>f*>(D•aA*5:S^fe*ff*Il4I^®©^«|5^ 40 

[ft *9C 6 ] W&ayptt < t %,-2f©3EBB©*i>fc < i: 
t»H8HC|»* 1 ~ 5 ®v vf*i# 1 3«CK« 

WcfUm (0 0n) SB (ffiU nliIE©IIBK(T'fe^) # 

[11*9(73 f|*9U~ 6 ©V^*lfrl9f £§£«©?& 
[»#^8 3 7^{'^7>i'#7*h7^i'^7> 50 
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ftffi^y hvy^y^y^XtiXii&vxyy^y* 
T*fe-5it*9I 7 SBIJc© 'J V^77^-ffl7X^7"5> 

[ft*9Ci03 VT^y^y^tfXi&gVT^y^y* 

91 7 gaU© U V f=y V A -m VX * -T^ > ;7 . 
[St*9l l 1 3 ff*9( l - 6 ©v 1 90ciB«© 

[fit*9Il 23 -?X?tf7* bvx?, GtfB^y t>v 
7. ? XttXi&S-?-* ? T*£>Sfj!*9C 1 1 tfiH© u v y 5 7 

[f»#9U 33 vx?#&*B:>y hv**T-&y. * 

©WWfofcflltfx y > yflfifcM Tf l»*9l 1 2 

IB®© y y^7-f -M7X ^ -7*5 > ^ c 

[m*9Cl4 3 V7>^^>^^X«gV7s^y*7>^ 
T'fey, *©««|»JiiJWiR«l»jiJ»T*i»6. sit* 
911 2fH®©U vy^7^-fflV7L7^>^7 0 

[WB©fi*I«:8Wi3 

[000 13 

©MS:M v y v y 9 7 4 -ft 77 * > ^ y v 

y -ffl77, ^ jcgg-r 
[00023 

['^©^3 « -«S©^mR&ihKi: L/T, Bftfbffi 
K (Sn0 2 ) ^ITO (I n 2 0 3 -Sn0 2 ) 

syeanr^s. ««»itsi©«M«:/SfflMt lt, y 
y y -< -ffl ^7 y"^ > ^ txy y y >r -ffl 

©T^i' - i>T <7 y&R&it Lfc y . #«^tC J; o Tvy. ^ 
[0 00 33 IWLSI ©flJ&glL iS««fb*^itJ 

ico^it, y y f=y y -xstcfflv % e>n*4B*»7^S 
^(c«, e¥^Jtg^/^-y©«k ys^-fL w^Sfb 

e>©3W6©Wffl*«ffls*iT^s. ±iB{iffli/y hate 

T. m«?S#ffi&»f>»ffliSlCj:oT?§?ritSn*S i 02 

fe^.^^^is i o 2 m&v>ttnfrt>&zmw&mm^ n 

-?b-yisy*-£ ffiirzm&mtf 1 5 %J£*T©SSBS 
*Wv^*itv^6. m&lfirtBS/y^-ffl^jsJWi. CHS 
i/y hJf ±icjfcflf Ufc^^U^ h 5r«-7^SBiC J: 

y us;ahrt#-:/&gj&UMfc. h/N'^-y?: 
^cJ:y^TfctlTv^•5 0 l*»u ^©fefflyy^-©^ 
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It *M VX n&n i: ^ * - *J 7 y y" LX L £ v \ 

[0004] *zx\ z.<mm*tm:irz>t-to\^ mm 

memo****- V7 v -7zm±?z zttfzsmt&z. 
[0005] tr^ immt. mmmit^cDttfccD-^ 

z6t>\ mmfti£m?z>xtf&mLtiz, ai 2 o 3 ^ 
(sr-r*. ztut, yjm.im(Dm&t£.n^ - >©&s 

#«-?i&S£;B ^£#j£ic«fc »J 4?*>*iT v » £ e> T'&£. 
[0 0 0 6] 20 

tc#oT, ^$n£»ft:ft©Mi&B^fc#^T^.6 0 
H&ISg&ftSSBI (Sn0 2 )*ITO (I n 2 

o 3 -sno 2 ) mt* m&sMoybGms^tm^. 
y^yj-mi'^tmoftWMimt Lx+^iznmx 
[0007] *zx\ *#flaRAtt, z<m&*mct 

3g*& #y yA&^tf*^*;i/M*£tt;*j K3«7 

*o*-v u 7m*&mm&&imit®fr<Dtez>ftwii 

JjJIS:»CjfiBRUfc («£6-4 8 1 2 3#] . 3© 

^mKritsii, m\mm (sno 2 )*ito ci n2 
o 3 -sno 2 ) mztt«tu& mm-ms<Dyt<Dmm 

[0008] -ti-e*«w©iw»i. mz&gMami&m 

ffl77 ?77>7fej:OTvy77^ -ffl ? 
[0 0 0 9] 

[!3^£S?&-f££«b©^S] -«5£M 

(1) x M (2) y I n z 0( x +3y/2+3z/2)-d 
M (1) tivy^>>-7A&y«CDo*,cD^<i:t)l 
o©7tJiT'&y. M (2) «T;b$— 01*RXfjSVV2* 
<Do*>CO'J;te< t*j l ■onnmX'Sb*'). Jfcsp (x : y) 50 
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#0. 2-1. 8 : l©«SHT'&y, Jrfa^ (z : y) # 

0. 4-1. 4 : l©*gBT*&y, ^offigg^fgfi d 
(x+3y/2+3z/2) 03 X 1 0~5~1 X 1 0-l*&©«gfflT'& 

[0 0 10] a&JC4^fiWJ4. -fl2^M (1) x M 
(2) y I n z 0( x+ 3y/ 2+ 3 z / 2 )-ti M (1) It 

*>»J. M (2) te7;i/^?A&t>';#y >7A©-)*>©'i> 
&<£*a^©7t3JlT'&y, im (x : y) #0. 2- 
1.8: l©*&BT*&y, (z : y) #0. 4- 

1. 4 : l©«HTfc»A frogfti&Kiftld#0^(x 
+3y/2+3z/2) ©1X1 0-lf&©*gBT'&£) T'3l3*U 
froM (1) „ M (2) fctfl n<D$-h0ypte<£1jl 

(1) £^34x559m;tM^#2ffi^T';fcy, M 

(2) win tm&ztxzjmim^mtf 3 ^xtx- 

[0 0 11] MAXXmifc HWM (1) x m 
(2) y In z 0( x +3y/2+3z/2)-d M (1) (2 

i"?A»lFij»ffiei%«yKj; < £ % 1 o©^T- 
M (2) (i7;i/$r.t7^y f ^U -7A©e)*)CD^ 
«C<i; : fe)10©^T'*>y, ttm (x : y) ^0. 2- 
1. 8 : l©«gHT**y, (z : y) #0. 4- 

1.4: l©«gfflT'*y, Ao^Sld^0^e)(x 
+3y/2+3z/2) ©1X1 0-l^©«egBT'fei>) T'^SixS 

[0 0 12] se>Jc*5»Wli. IHg©^«:<i:t<-*© 
(OOn)I(fiU ntiiE©^5CT'feS) ^IfflEIKS 

WMitmizmtz. 

[0013] ±iz*&w<D^mwim 
«ii©ffw»ifcflt&£-f s y y ^5 ^ ^ -ffl77 ^ 
[0014] ^%a^©^ i ©M^©^si%ihM 

-SKM (l) x M(2) y In z 0( x +3y/2+3z/2)-d 
*. M (1) \$^7%is^Umm&iV>0-lb<D'P?£<£ 
=b 1 o©7aRT?*6. Stot, M (1) }iv^**S/>7A 
Wffi^W^-TtlA^iT'feoT^^^U M (1) it 
V ^'^ i/ >7 2±]&&m&i*P& LX*j±^\ V y ^. i/ <y A 
WffilS^#-r-5^ vy^i/-7Ai:SS9©J:b^(C 
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[0015] M (2) ttT^-^AfttWU'J'.k©^ 
fn«t'feot^J:V^U M (2) lt7)VS.-^^ 
&tf#y LTfcJ.v*. TJlS.-'y&JkZWV 

amzMm\tfo\ *au y;i/s^2>©jtw£*.£ 

[0 0 1 6] H?fS (x : y) 1*0. 2-1. 8 : 1 ©*g 
HT-&y, x/y#0. 2*}iT*fe-Si: I nGa03 ffi 10 

33 (x : y) &0. 3-1. 6 : 10D«gfflT*fe l J, <k U 
#*L<W.O. 4-1. 3 : l£>«gBT'fe£o ib^ 

(z : y) tiO. 4 — 1. 4 : l©*SHT'&y, z/y 
#0. 4*It«ZnGa2 O4 *B3§:©#rffi;tf^ti:fc 
U, «Kfis8W4#teT'*-*. z/y#l. 4£i@*_Si: 

i n 2 o 3 ffijWffiUTawifcwST-r*. *f*bvvtt 

^ (z : y) ttO. 6-1. 4 : l©*gHT'&U. <fc U 
^*U<«0. 8-1. 2 : 1 ©*SBT'&£. 20 
[0 0 17] g^iftftdti, (x+3y/2+3z/2) ©3X1 
0-5-1 X 1 0-l^<Z)«5HT'$)-5c BSRfctRSdWU - 

ftftd#(x+3y/2+3z/2) ©3X1 0-5mmfiX'&m%& 
jlWjW6<fc*JiitfT, HfflW«dfWttS:#*i4:tt-e 
£&<^. ®gJI:fc«Sd#(x+3y/2+3z/2) ©3X1 

0 -imzmt-z t «raft£i®iK-r s «t e> ica.* z. 

e>, #*b«6V\ 8g!i*JftSd©*EBHu #*L<tt 
(x+3y/2+3z/2) © 1 X 1 0"3— 1X1 0~lffi®«fiHT?* 30 
Us «fc l J0* L < ii(x+3y/2+3z/2) © 1 X 1 0"2— 1 X 

1 0-lf3©«SBT'&3. 

[0018] m, mm^mMtit. iw<Dmitm§& 
wist nzmmj *>(^*itmmk&<wm4 * > 

<t^a*tc^**xss^-r^->©]ai*, mi*, »Hb 

[0 0 19] ^BS©^*RSih^©a»«'(4ti. -g^lC 

fct-t-B^-v u rm^-©Jt^m^©«gaicfesi:^{cK*f 

*©J: e>^^U7m^-©Sli, 1X1018/ 
cm3 ~1 X 1 0 22/cm3 ©*gBT'&6,, 
L^^r-v , JT'S^-©4li, 1 X 1 0l9/cm3 — 5X 1 
021/ C m3 ©«EHT'&-5„ ft. U T«^©Sli. 

mis. 7 7 ^y^&mftf^^^sicj: »J «J 

[0 0 2 0] -fi$5£M (1) M (2) I n0 4 _d 



8-325560 

6 

ni- a Alb Gai-b I n04-d X'&tZtlbXg.. 5$ 
i£att0~l©$lgBT'&U, btt0~l©«SHT'&6o 
Mg a Z ni- a A lb G ai-b I n O^-d T'^toc5tl-5 
*^lcfflVNS^mWb^©^«li:LTti, m« 
Mg A 1 I nO^-d , Z n A 1 I n 04-d . MgGa I 
n 04-d , Z n G a I n 04-d , Mg a Zni- a Al I 
n 04-d > MSa Zni-a Gain 04-d - M g A 1 b 
G a i-b In 04-d > ZnAlbGai-b In 04-d & 

m-r&ztttxzz. ^*©a^b{i, mmmm 
\zm*znzmwmjkTmm&z2>m.L,x. tsmz 

[0 0 2 1] ±f3©^^«*dlil. 2X10-4- 

0. 4©«gHT*fe»j, z<Dmm(DmmxmMX'&z> z t 

x\ mmMimtLX&mzm^ZZttfXi**. St* 

frfbli, #3.1X1*4 X 1 0"3~0. 4©«gfflT*feU, 
«fc y iff* L<&4 X 1 0-2-0. 4©|gHT*&5„ 

[0022] ggg©g 2 ©ffii&©=%mP;S±jBI 
*#g^©^2©J!8»©^«l»jhJgtcfev%T, -ffi^M 

(1) x M (2) y I n z 0( x+ 3y/2+3z/2)-d <^*. 
M (1) , M (2) , J** (x : y) £0%^ (z : 

y) (covmtwu ffff B*5S^©^ 1 <Dfm<D&Wfii}M 
tmmx&z. $e>tc, *^©^2©®s©^«R5ih 

BUcjfcVxTti.. M (1) , M (2) n(D5%<D'P 
<fc < £ *j 1 S©^©-aP*^ ffifflT^T-i^SnTfe 
»J, M (1) ilS«S3nS7^{iM^ffi^2|iliiJiU:T'fe 

y, m (2) Atfi nfcflBftan«7a»*K?#^3ffli 

RilT'$>-2>„ M (1) , M (2) RXfl n<D'P&<£& 
-o©7t^©-au«:fl&©7t^i;fi^1-S3i:fc«fcy, 

[0 0 2 3] M (1) T*$tlSMg^t>*Zntt. 2fffi 

X\ J:y^cSV^'JTi±7JIS:^*3i:*«BrtlT*> 
S. S^^Itg^TT^OlS^fffifiiiS 2|ffi, 3ffi, 40. 
5ffiXli6fiT'&^„ M^^2{iO±©^i:UT 
ti. Be, Mg. Ca. Sr. Ba, Cd, A 

1, Si. Sc. Ti, V, Cr. Mn. Fe. Co. 
Ni, Zn. Ga. Ge, Y. Z r. N b. Mo, T 
c. Ru, Rh, Pd, In, Sn, S b. La, C 
e, Pr, Nd, Pm, Sm. Eu, Gd, Tb, D 
y. Ho, Er, Tin, Y b, Lu. H f , Ta. W, 
Re, Os. I r, Pt, Tl. P b, Bi, Po?:* 

[00 24] M (2) T'*Stl*Al, Ga&tflnte 

3<»©79RT?8>y, z.m>tm.WiBi&te7imi3~ w-^hm 
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Xti6fiiT*feS„ fl§C^#3ffiJta±©7GsSii:LTli, « 
;ttf, Al, Si, Sc, Ti, V, Cr, Mn, F 
e, Co, Ni, Ga, Ge, Y, Zr, Nb, Mo, 
Tc, Ru, Rh, Pd, In, Sn, Sb, La, C 
e, Pr, Nd, Pm, Sm, Eu, Gd, Tb, D 
y. Ho, Er, Tm, Y b, Lu, Hf, Ta, W, 
Re, Os, I r, Pt, Tl, Pb, Bi, Po$:f 

[0 0 2 5] _hgB<D«fce>tCM (1) , M (2) AtK/X 
ti I n ©-SP#±IE©«fc e> fcTtJStT-S&Stl-S Z. i: T\ 

s^tt©/^ >x t ^ e» t&s> e>, * -v y t«-?-©&a 

*ti, Wxtfl X 1 Ol8/cm3 -1 X 1 022/ cm 3 

^©&A*fc-hfB«6HlcfcS<fc e> (cSSSE** £i:jW8MJ 
'J 7S-?©£AS# 1 x 1 0 18/ c m 3 jfc 

»Ttt-Ma-*«»6a»3W» e>*i-r . i x 1 022/ c m 
ixtmrnimrirz. ^yrs^ftA**, #* 

L<til X 1 0l9/cm3 ~5X 1 021/ cm 3 <59«gH 

zmmm<mzmi-tzimzm* * 

S&^©ffi&g(±, ^&J*1S®©#©¥*^ 
iMW7 0%Oh, ff*l<lt8 0?46tL «fc»J#*L 

[0 0 2 6] ^2©JS«®«mi»itJK«:«l5&-tSSEfb^ 
©JWJilLT, -fi££M (1) X M (2) y I n z O 
(x+3y/2+3z/2)-d x, yMztflt*$5M 

(1) M (2) I n0 4 -d T-mZtU M (1) , M 

(2) n<D-Bim07TMT'm8i2nt- : b 

&(D£]3<')X°$>Z>. -®5£M (1) M (2) InCM-d 

T*mt>tiftz>mmmrttmt, -s$^M ga zni_ a a 

lb Gai-b I n0 4 ■Z-m.-tZ.t'br^. 5$*ali0~ 
10>*gBT'3&y, btiO~l©«SHT'&.i>. feT, 
2 ©JRttOgHtftMi. -ffi^Mg a Z n i- a A 1 b G a 
1-b In0 4 ICfcVvt, Mg, Zn, Al, Ga&t>'I 

[0 0 2 7] ft, ±|£Mg a Zni- a Alb Gai-b I 
n0 4 T'ffcbSftSgHfci&lCli, MAtfMgAl I nO 
4 , ZnAlIn0 4 , MgGaIn0 4 , ZnGal 
n 0 4 , Mg a Z ni- a A 1 I n 0 4 , Mg a Z ni- a 
Galn0 4 , MgAlbGaj-b In0 4 , ZnAl 
b Gai-b In0 4 SrWSZlil^T-^-S. ^©aft 
£>* b ti, «ttl»ifcfltlCg# 3 4x4 3t*«fl#tt&tf»«tt 

[0 0 2 8] M (1) , M (2) I n ©'>&<£*; 
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®^-©{SigA:/ K'vD&Ali, ±ii©«k o tc&iJiftig© 

«IC J; oT^-V 'J 7tWfii/<> KtC&A3*l*. * 
'J T«-?-©*ti, HfrfB©J: e> 1 X 1 0 18/ c m3 ~ 

i x i o22/ cm 3©«gat-r§xii*si^T-fey, # 

7^©^*Xti7r^©SSI*i:SE^^a*i:ti, 

io y 7S?©*#±fe*5Htc&s j: e> tusn-r s 3 t #as 

ST'fcSo *V y T«-?©S(i, «F* L < ti 1 X 1 0 19 
/cm3 ~5X 1 021/cm3 <DtRMT'$>2>. 
[0 0 2 9] *%%© % 3 ©«tttofftt&±Bt 

(1) X M (2) y In z 0( x+ 3y/2+3z/2)-d ©S^tp, 
M (1) , M (2) , ttm (x : y) (z : 

y) icowai, «5iB#l89i©Hl ©JSat^SfieitBS 
£H«T-S>-5. se>tc, *58^©^ 3 ©fi8»©^mRSih 
Blli, ±IB-J&5£T'^£*x£gtffc#{C, R§>Ttf>S:&A 
20 L£=fc©T'3t>So *#§^©fg3©^©^«B5iJU^T' 

[0 0 3 0] *|§^©^3©^©^«R5ihJKtcaA$ 
axSRg-'fJtMi, — J&3SM (1) X M (2) y I n z O 

(x+3y/2+3 Z /2M xm^n^mimoy^^m^^m-r 

Z Z £ & < , B?§T*£ S =b©T-«>n{i#tC0JRR{i^ V n 0 

30 fi«5g$:«^iL^<Jfc-5«|fiI^$)S. ±ie©<ke>^®-f 
*>i:LTti, ffllAff. H, Li, Be, B, C, N 
a, Mg, Al, Si, K, Ca, Sc, Ti, V, C 
r, Mn, Fe, Co, Ni, Cu, Z n, Ga, G 
e, Y, Zr, Nb, Mo, Tc, Ru, Rh, Pd, 
Ag, Cd, In, Sn, Sb, Cs, Ba, La, C 
e, Pr, Nd, Pm, Sm, Eu, Gd, Tb, D 
y, Ho, Er, Tm, Yb, Lu, Hf, Ta, W, 
Re, Os, I r, Pt, Au, Hg, Tl, P b, B 

40 c 0 0 3 1 ] n 3 (Dimcmmjimtmm zmm 

(DMfofflt. LT, -M&M (1) X M (2) y I n z O 
(x+3y/2+3z/2)-d Kfc^T, x, yMzi'lT'&SM 
(1) M (2) I n0 4 ^ T*S*l*HWBftrtCHM'3i-> 
Z-&ALt-*><D$:mf2>Z£tf-Z*£Z>. -j&5£M (1) 
M (2) I nOw T*fcSn«»«WffljKb«rti. -« 
SMg a Zni- a Alb Gaj-b I n0 4 T*&tZ.£%) 
T'§, ^npati0~l©«SHT-S>y, bti0~l©^H 
T-fc£. Sfot, lg3©ffi«tCfflVN^>SHtife(i, 
Mg a Zni- a A lb Gai-b I n O4 -p*an&BKfc 
50 4*fZ»>f^->«:t±AUfc ! b©T'&«ifc* < T?S*. 
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[0 0 3 2] ft, _h|BMg a Zn]_a Alb Gai-b I 

no 4 T-mtDZtizMimizit. mz<Diio\^ mxn 

M g A 1 I n O4 , Z n A 1 I n O4 , MgGalnO 
4. ZnGalnO^, Mg a Znj. a Al In04 , 
M g a Z n i- a Gain O4, MgAlb Gaj-b In 
O4 . ZnAlb Gai-b I n04 5:flfl.3t^T'§ 

[oo3 3] *8m<D®wffiitmi*s mmommwmt 10 

14, $13,141 TO, I n2 O3 , Sn02, ZnO§^ 

[0 0 3 4] jgggggfflg L fe^g[%ihj% 
^^©^SR&ihiKti, S^o^<i:t>-*©^M<Z) 20 

m&tmo) (OOn)ffl(fiU nteiE&mLT'&Z) 

[0 0 3 5] *«W{CM^e,tlS-«^M (1) x M 
(2) y I n z 0( x+ 3y/2+3z/2) TwStlSiWfcftrti. 
36sW9JCtt I n 0 6 (DAWfttf 2 &7CtttCj£#ofeJMI 

xtm-rz. 1 n o 6 ©A®»oji««jiS:^-r 

0 1 iZijkt. mi CD Alt, ( 0 0 n ) HKfttt&^ft^ 
<b)t,£E]T'&'J, miCOBlt (OOn) ©^^Pff^fSj 
^e>l,felllT'S)S 0 EI2{i, I n 06 <Dj\W&Et&j\m 

tiw (oon) ®, *e>»ct4is«t©BB«s«^a9fcw 
cd (oon) m (fib, ntiiEosysrefes) tmwm 

14. *MSi${4MftlC&U. fcs. 

[0036] *mnz>mmmim<Dtm& mz&*ts 

00*1*. TRStt*&3 0 nmT'&'J, ±Rtt*5jl m 

(4. *mmmz-%muz%t5>*jCD*j$>v. 

Z>* 50 
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[0037] #m<owmi5]kmt. mm&iz* ussg 
mbe& x/N->v^u>m mn 

m&MmsiZft3bZ>. $e>lccVD&i:LT, g&cv 
D, ^7X7CVD, MOCVD. ftC VD^£#l:f £ 

[0 0 3 8] CVVm*7.zf\s-m<D£^t£imifl¥8k 

14, M£MM&^xAy * y y?&c>£$temmt&f& 

lZ}fr<T&fflmm"Z$>*), *MKfC&LT^£„ $ 

£ici4, 3 5 o~5o orzomm^iimt-t 
sot-, mzmLhizmemt&m&izimLT^ 

s„ 4^iw^(4, s«i&g#i 5 o~3 0 orcoiSjg 

&^T*&;v^y#y>y&j4£jg^ie<, 
m&izi%-izfmv&z>& zogx-m izsnx n*. 
[0 0 3 9] x** * u >y«s©a^, mM© 

1 0-4-1 O-lTor 

fSBg-f&ZttfXgZ. ft, 7>rtv#Vy>f9->fy h 
£bTl4, ^M*A-(4i^t^0^^ffi^)^^ 

tZZMffc-fZlZlt. 5 X 1 0"4~ lTorr ©ffi^T, 

ioot~9o ox^<Dvmx'W&^umt?>zt.r\ m 

i\M<D (OOn) ® 0B.U nltlECDmiT'$>Z>) tfWi 
f BSK©^® Hm&tmf&faZ tCBBffi] t ^1^ SrJKriW" 

[004 0] CVDffit-ll ^iTT^OM^i: LT, I 
n (CH 3 ) 3 , I n (C2 H 5 ) 3 , In (C5 H 7 
O2 ) 3 > In (C11H9 O2 ) 3 > Ga (C 
H 3 ) 3 , G a (C2 H 5 ) 3 , Z n (CH3 ) 2 . Z 
n (C 2 H5 ) 2 . Al (CH 3 ) 3, Al (C 
2 H 5 ) 3 , Mg (CH 3 ) 2 > Mg (C 2 H5 ) 2 * 
CDtZW&m^ I n C 1 3 , GaCl3> ZnCl2» 
A 1 C 1 3 . Mg C 1 2 

mm&ffiftt LTit&%. 0 2 , H 2 O, C 
0 2 , N 2 OWIt'l5. 

[0 0 4 1] 4;*>^U--r4>y©;:J:$|*Bt«u 1R 

». mmmm, m-7-mm^iz^^m^it. dcm 

2^. 0 2 . H 2 O. C0 2 , N 2 0&ZmLtetf*>f8. 

mztzz tizzy im<j>mmm zmz zttfT-z 

[0 0 4 2] J^5MtS5fCj:S«I»i, JSEA10-3~1 
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O-6T0 r rtpT'm^tteZ&m&^HmitVKDU-ei 
0 2 > H 2 O, C0 2 , N 2 0*$Z%LL&tft> 

timz-tzznizj: y mmammimzmz z tttx-z 

[0 0 4 3] ft. CVDfe ■i*y?\s-<rjy>f ; 8L 

m>&zmwm*i&mzz.£ftx-&z. 10 

li, mM&.lZ&VBf&btc.M (1) x M (2) y I n z 
O (x+3y/2+3z/2) ft*IMb/NflCBBIt^&%M- 

zz.£-en^nz. -m\zMm<mmwm, «*. 

x#H^TT'Mfe*JLB|-r 5 & if O^SSrffiv xSZli: #T- 
IB^fc.fcUV'^teSTtaWk 10 0-11 

oox:ro«SHo?aST*«e)zii:*siST'fes„ $?*u^ 20 

fm<DmzmittE£*®ffl-tz> z t x\ smxm^-t 

iz.mmxmzmAu zbizwmzB&mKxmzijax. 

[0045] *mi<m2<Dmk<mm&3m\%s 
wtctt, $ 1 (Dim(D^m^itm<Dm^tmmz. mm 
mzjuvjmu imizzvmmxmmA-tzztiz 

[0 0 4 6] Will *rtv*Vyy-&T'ft$W&. * 30 
->f *v btLX. -«5^M (1) X M (2) y I n z O 
(x+3y/2+3z/2) (^*> M ( 1 ) liV^^A&tfa? 
a»ODe>t>CD^<ilt ) lo©?t^T-&U, M (2) liT 
^-^A&tW'J ht; 1 OCD^ 

T'&y, .fcb^ (x : y) #0. 1~2. 2 : 1 (D^HT* 
S> 1 ;, &m (z : y) #0. 4~1. 8 : 1 (DVSSXSb 
Z>) T'^StU (1) , M (2) iRtfl n£>5*> 

<z>'j>& < t =t i «©79*m>-«j#, •te©7ta?iT*g&£*i 

Tfcy, M (l) £g££n6^tiM^#2»Xh 
T'&'J, M (2) nfc«ftSft4^ttJ«-?flfetf 40 

If, I n 2 Ga 2 Zn0.99Ge0.0iO7 ©fflfftSr*** 
[0 0 4 7] *ytydty>$rsscj:ij, ISrSJttO^mfifc 

itflt&f^H-rsicii, ±mnyto**->fv bthx. 

£*£±IC itufe^cMftagS: 1 0 0-9 0 0*CCD«g 
Hi: U ^^f<Z)/E^$: 5 X 1 0"4~ lTorr CD^ffl 

y. *«ttiWfctt^e>«iSRT*oT, Wimmftmitm 50 
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© (OOn) Bd «BU n{iIEtf>M28tT'&S) #liuiE» 

[0048] $<mc. mmxmt. ^m&mcoim 
tmmz, mz.& mtm^mm^mt&< zmzji 
v£f&2itzz£tfT'gz>. mmmtt&zm^xmm 

[00493 ^m<mzaysm(mmi3&m^ m- 
mz& % 1 (Dimamwtjimow&tmmz. -« 

«(l)jM(2) y In 2 0( x+3y / 2+ 3 z / 2 ) X*2 

®izmj*>z&Au i miz£>)mmxmzmA-tz> 
vfi^zttfT-zz, f& ±mtMm*&&*z>mz, 

^m^imx-mm Lt=.ism^mmzm^zt^x^ 

[0050] mj*><Di£Aiz& 4*y&Amzm^ 

j*>&Am& mtmiz^tms^mx-r^mt 
Lxmxmmmss&mxmmzm ^ e>*vt ^* *»© 

iffl^S Z HftT-g&o ftAZZ^Z^Xy 
©:^£-f tfMbLTjR+k e VRi:fcM$U gffb^ 

[0051] &A3*ifc»>f *>tt«w»c#-v u rm 

X 1 0l8/cm3 —lxi 022/cmS CD|gH{C 

rm^©*^ 1 x 1 0 iv c m 3 i ij /Jn$ ^tiff, 3^ 
««»es!W»*iwe»n-f » 1 x 1 0 22/ c m 3 ^ ij ^ 
trmtf^ xvisa&jc i ^ -^mm^nzwnx mm 
m^zit-tz. y TS-T-roaa. l < « 1 x 1 

0l9/cm3~5X1021/cra3 ©*BH7»»*. 

[0052] xmioyftWffiimzm^t-v w^?* 
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[0 0 5 3] 'JV^77^-fflV^?-/5>^^7*h TfrS. J i/VV- h#5*, V-V^-i 2*#<5*l$Oim 



tt. ^fehic, *W%<b±$&mi£m^t=ftfmitM]k [0 0 5 8] 7*hv7>9y i ?yirjBi.zfimi/7b'?x 

xm9tmzz.<?>mizm+&*)0x-tb&. vvif^yj- zy^yy\z^^mmmmh\^x\t. 7**$:;i 

m^y^y^y^trnwyyv^ry^y^y^x^m bxm^±K.^mt^ns>ayb^yh^m-r?>A 

^ mmyyv^y^y^y^xt, ws±vu *nw *-yzm%x%z,ymx$>t\\m<. tuu. mtv 

(D±mmzm^t=.i$w&jikm*:mu *<D±iz&®y da, ty^y^y. ^vy^y^m^^ti^ t 
7 hMTkim^*z<Dm\zM'tz>*><DX'$>z>o m. <a io m^m>Mm&AT<Dffimx'Bf& l yy*- 

^syy b^y^y^y^iz^xit, ±m&w%itmit mizz-oxmftBzm&t-tzzLttfX'gz. msyyh 

**j*y>r#£Mt. hx*>wmt*i)\ ±m®WMim ^y^y^yzizm&msyy vmotmt lx& 

ttmyy vmt.o)r&\z%mz.vi-y>f&itm*imz> mytmztti,xmw&tmx'$>ftim<. m^mm& 

zt&xgz. jp^mmz&^xmi&ztizs i o 2 &5w*s 1 02 

[0 0 54] W7574-M'*X9y'?>9tfi Mmtfflfrb*Ztt*mMm^S>tl&. 3 

i&Sftft ^w^ga^msrfflv^fc^SKihS&^x jsnwi 5%j^T©^*>fflv^:i.i:#T-g. a-? 

ltMZmV&Z.Z.*jXg?>. [0 0 5 9] NVX^CC»aS^{±, l/i/'X h/^ 

[0 0 5 5] ■jyy77>f-Mvxi'^7*hV^i'T' ->£7**£LT{£ffi^:7h7;**<2&ffl^:7hS£ 

m*zm^t~&wfiitm&zm%.^z - ynmtB&z. yyvmw-y) ziefc-tz. hbbc, fiisi/7hi 

©MRtcwrst.oT'fes. vyr^yj-m^xt/im tmmm&t<DJLy?-y>mm<Dmtf'bz^t. ^v^- 

ffi^hvx^r-fes^ ^etit/^svx^^ g yyvmt-gkibKtitd&s, mm&X'^y ^yyzti 

m\zm-?z>*>o)xibz>* m. ®myy v?y.v\z&^x 30 *$myy vmtw&h<D^\zm»^>z.t.mit>tix^ 

«, ±u&WMimit*v*y>7&}tm£Lx*jffim-? s. l*»u *^<wwti»itfl{ttiCDxy^>^ih 

^^^JhM^-tSZlil^T'gS. [0 0 6 0] fflU x>y^>y^{C«toT«. tttt% 

[00 5 6] 'J vV^yj -FS^y. V ^XHv^ ih^* ,: +^x>v5 1 >^W't^5:^L.^(;^^^i^ : b^>S 0 z: 

«3»«MIS:*U fffi£©ffi{CXife8£i&J§, *mm<D±MZ ftitm*imyyVJB£ftW&jikM£<DWzBf&-tZZ 

wft*m^t=.ttwtiit]§Rtfximw** -y* z.<dm tt>mt^\ ^^yywitmtLxit, &mtyjv 
izmir 2>*j(dx$>z>. t& xm-^y^izn^xit, ±gg 7)is.j--mtyx. mtyx. mt/\y-v 

^S^fc-tir(iXi|gvx^{C> l 6$:Sjg$-&Szii:tC«}:'J^ 1 ±tc««l»jtllll 2 . fifr>7hf 

otv^. HtttcX«e8iaBt®±lCS«B6JtRS:l8.-tS 3, MffM4 *m&i1r&. 

\ZKmi3±mznVZZt*j-5imX'3bZ>Z.£te\,\y$LX' 10 0 6 2] i6CH *WB©«l©JB»®ttffl'>7 h 

^yty^ytcDmmzTjktmffimx'tbz. 0*, fiffi 

[00 57] *f§B^C0 U V 7 ^ -ffl 77, ^ fctf » V 50 i/7h77^77>? it. 1 ±tCWttR6jhJR 
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2, xy*>yf*ifcJi5. |fcfflS/:7Wi3, jgftj§4$: 

®«WlS:ntrWiifH«:BI7»cj3<-t. 0*, W>7hv 
»WI6|gl±»c4WB»ifcK2, x.y*Z/!r»it 
15. ffiffi£/7«- (tiiJ/7MA#-» 3 a, £ 
JfcgP (*3W/t*-» 4 a MB****. 
[0 0 6 3] {£*Bi/7 hvx^7*5>^3^6lflCtBS/7 h 

l£ &ffl^7h^*?7"57>*©&^4©±lCS^i&8 

fcttttU ^^7*-/1*->©S?l*St3fc&*7e>. 
l/5>* h©3l»&, x-/*>yic<fc h 
*©ftHfcfrV\ $ <bizm&-?2> l/S?* WIWJKK 

•5. ±IBK^-fx«y^>yii, CF 4 t0 2 £ 

ffl ^fc£J&tt-f *>X «y ^> $T feffl l,^ d £ #T'£ 
[0064] 08 icii, #!&£tf)Xi!&vx * ©SStxS 
Si^lll$:^o 1218© (C) IC, *|g^CDX«g-7X^7 20 
^>*#^£*u 08© (F) IC, *^WOX«gVX^ 

ms<D (c) (c^$n-5*ife^0x*sv^ 

^y3>»&6©MffilcXif«Si§ffiS7A 
&tf7B&;£U 3e>tC Xj&§G®)gB|7A©±lC. m 
l»lhJK825.u:xiM5®ilXlK9S:3(Dlilc*-rs. H 
8® (F) tC^SnSaftJSW^XlS^^li, X*§S§j® 

R7B«rtrr*s8ti»6 ate, -t©flHjWB*a*rcs: 

#anfcX||B»aK7 A©±JC««6ihJK8 ^X^ilx 
rC*->9 a fc©T*&£. 
[0 0 6 5] 0X«8Y^ ? ^7 > i'MXiSv^ 30 

08©Xg (A) *»& (F) tftTfWPft*. 
(A) T'l*. 5>U3>3S«6©ifiiBlCX||Gffi«BI7 
Afttf7BjWKlAS*l&. X^S^jg^ilLTli. fll*. 

d □ ^ y h Ttt \yy *m C v D&. iz J: y Mfc-f 

ttl>„ IS (B) T'li, X«B8iftl«7A«)±tC*«W 
©#WtrJfcl*8 IDS (C) T'tiU WtlWih 

R80)±lcXtnUXK9t:)KAtft. XWRiRfflti: LT 40 
Wu Willi. Ta, W, Au, &Vtti&fy*M Sit 

2y>f*7 i ym&zmf2>z.ttf-z*&z. jm (d) x- 

li, X»gW5ail9 ©±icm*»l/^ h &^fcUT*^- 
ifeSWC «fc »J 1/ ^ h - y U 3.© U S?^. h /i * 

MWRiBf - y 9 a 

[0 0 6 6] Xg (E) T-«. J/U3>3S«6©%,-5- 
#©<RiJ mm) OXiMB8JIB!7B©tfA»S:K9-fxv 
*->ytC«fc»J-t©BNSU 3&ICX8B8SK7BJW8S 
SnTJtffiLfe2/'Jn>aafi6©ttJifeai}S:JSofeXililS8 50 
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ai7B$:-77.^i:LT, N a OHTKiglfclCj: y|&£U 
T, J»#6afe»«lfc. Xg (F) T'li, $fif#6 
a IC B £ 3 ftfc. XifeiSSigBI 7 A © i/'J 3 >g*g 6 

3i;ic«fcy, #$8^©Xii&v**&#£;i£#T'££. 
fi*n*jfclttt. mis. r;u^f-. s/y*, ito®& 

[0 0 6 7] 

[29601] £*T, *«W©iafi««:SMBK:8Wr*. 

as 

S3ia«-ticR fv^ h p ^ u y?iz£ y. 

ZnO:Ga2 O3 : I n2 O3 =16:43:41© 
m&<Dffl£fr**->fv h UT, A r : 0 2 = 1 8 : 
2. EA6X1 0-3To r r, 0 0°C©^ 

TX-mZ 10 0 0*y>/7, hn-2*<D&m)5lkm*:Mf& 
Lfc„ mzZLH^ ^tp6 0 0TC7?l^|RITX-;i/L 
fc. #6nfcttS:»*X||iJCj:ydJ«fLfelS!ft. -tOffi 
^{i. ZnnGa47l n4iOi45 T'^ofc. 5?jIC, X 
RDlCfcoTlgftttSrW^fcfcra, (0 0 9)M©HI 

e>^fc ±m&<nmw& * 4 g^t&ic j: o tsu^ l t 

Z15> 280s/cmTfeofe, $e>lC f#6>nfej^© 
^yfc^^&ili^Lfeig*, ©4X381*3 9 0 nmT'feo 

[0 0 6 8] ±ia^mi»ihJK±lCDCX/t«y y 

>yiCj:y. ^OAjS^M 0?^8 5 03t->^hD- 

fc. f#e>tifev7.^75>^©j!l) 1 fcM©±lc«-7*Si/y 

yytaxzfiw $ e>ic££#i-& uy^. h*s:Siy »< 

[0 0 6 9] IQ6M2 :fiffii/7mi'7*7>^0 ! 

5^£=K±icR Fvy* h p y7.rtv * v yf\z j: y . 

Z n G a I n O4 <Dm$.(0m%&%: t-Vvht LT, 
Ar : 0 2 =1 8 : 2, JE73 1 X 1 O^Tor r, 
i&g5 0 0"CT\ f$2OOOt>^XhD-^0ffii 

[0 0 7 0] »e>*lfcKS:St3tX»lCj:»J4Mffbfefe 
JH, -f©jffl^*Zn25Ga36l n3gOi38 Tfeofc. $ 
e>lC XRDtCioTJiefttt&W^fefcii, (0 0 
9) ffiOEHffe-j^^aHffiKStt. iBlol^il^oT^ 
6it3WftW(!)6tlfe. 3©R©*m'(45:4»^lC«J: 
yaiSLfelS*, 24 0 s/cmT**ofe. 3© 
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m<DftyffiBmZmfeLt-£ZZ, ®.W®lt3 8 5 nm 

[0 0 7 1] ±|ffPWB»ihBLhtc^^>*>^5 
X&^fcT^-hlCfcyrJ-hU 3001CT"<-£U 

x, mm 4 0 0 o^->y^ hD-A©fifflt/7 brnzm 

(1^8 5 0^^^hn-A) ZBf&LX. 01CS 

[0072] mz. iMim^yh-T^v-J^yv^o) 

[00 73] ±fiK9-fxy^>yi4. CF 4 i:0 2 S: 
*3£flMll8jfJ|2©Xy^>$raufcifcl 1 : 1 

£nfc&*B^:7hv;**©*iiHA*->}ai, t?if 
m>9- - 5>r <s» zfiz «fc -5^^>ftg-f *Ui<* <b4vf , 

[0 0 7 4] HJ6ffil3 :fi5B2/7hV^^^>^Of 

Z nO : Ga2 O3 : I n2 O3 =4 5 : 2 5 : 3 5ffi 
J*©$e*Stt&*-4*y hilUT, Ar:0 2 =19. 
5:0. 5, JEE7J8X 1 0"3To r r, S*gjag4 0 0 

&Ltz. mzZLtlZ, ±Hi<p6 0 OiCT'l 0^37-- 
;bLfe«t. N2 :H 2 =9 8: 2©#X&»Lfc#e> 5 

0 OX; 1 I^HBlTaiMQaSrff ofe. »e»*ifcttfcS&fcX 
MKCJ: UiMffftfT ofctli, ^-©iffiStiZ n 3 9G a 2 8 

1 n330 131 "Tfftofc. £<blC, XRD(C«fcoT»K 
£H^fct2.3> (0 0 9) ffi<Dmffi¥-9 (DfrWm 

©a**tt«: 4 StftSlC «k »J R£ L 1 2 7 0 s/ 

[0075] j^ic, ±tE&mmim±.izx.y?->m± 
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